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ABSTRACT
BACKGROUND: As the prevalence of obesity and inactivity continue teass
worldwide, the need for effective intervention strategies remains. Délspitee|l-known
benefits of leading a physically active lifestyle, of those individdialssified as obese, only
3.0% of the women and 6.4% of the men trying to lose weight actually meet the 60 min/day
physical activity guidelines for weight management (Bish et al., 2008 lack of time
being one of the most oft-cited reasons for not being active (King et al., 2000), the use of
short-duration, high-intensity interval training (HIT) has been suggestediags-efficient
means to potentially address this problem (Gibala, 2007). However, the long-ter
sustainability of the HIT approach in non-athletic populations has not been iatestig
Affective responses to bouts of exercise have been linked to exercise adiférdraras et
al., 2008) and, importantly, obese individuals have been found to report lower levels of
pleasure in response to exercise than normal-weight and overweight individuals (Ekkekaki
et al., in press).
PURPOSE: Thus, the aim of the present study was to compare the affegtoresessof
obese women during a shorter, high-intensity interval session and a longagrisoc
moderate-intensity session, in order to evaluate the appropriateness aicdlyauft
implementing HIT exercise for this population.
METHODS: Twenty-four obese and inactive women (mean age 39.25 yearspifimsteted
an incremental cycle ergometer exercise test to determine thelat@ytthreshold (VT).
They then completed two experimental exercise conditions that were colaredoh 1) a
high-intensity interval session (HIT) that involved 4 intervals of cyclingbdb of VT for 2

min and 115% of VT for 3 min for a total of 20 min and 2) an isocaloric, moderate-intensity



Vi

bout (MOD) that involved cycling at 90% of VT for 25 min. The Feeling Scale was
administered before, during, and after exercise. The Physical AdEnjoyment Scale
(PACES) was also administered after the cool-down.

RESULTS: The participants’ Feeling Scale and PACES scores werBcsigtly lower
(indicating less pleasure and enjoyment, respectively) during theddslos, than the MOD
session.

CONCLUSION: On the basis of affective responses and enjoyment, the HIT pnasecoin
the current study appears to be even more challenging than the traditionalokhQD fior
obese inactive women. These data may have implications for the practicdlliyng-term
sustainability of HIT training protocols in the domain of public health. In evaly#tie
appropriateness of the HIT approach for inactive obese women, exerciséopistishould
take into consideration the impact of this method on affective responses, asitgell as

possible implications for adherence.



CHAPTER 1. INTRODUCTION

As the prevalence of obesity continues to increase worldwide, the need faveffect
intervention strategies remains imperative. While obesity is a muéitddcondition that is
influenced by the interaction of various factors, the focus of the current studyevaiti the
role of physical activity. The root of the problem, from a behavioral perspectiatjs
despite the fact that human beings are genetically designed for detgdis, they live in
societies driven by technology (Eaton & Eaton, 2003), which has resulted in high physica
inactivity rates. Additionally, national survey data from 2007 showed that 34.3% of tlhe adul
United States population was reported to have a body mass index (BMI) of 36) @@g/m
higher, thus classifying them as obese (Ogden, Carroll, McDowell, & FRQ@T).

Considering that both obesity and physical inactivity have been linked to numerdbs heal
complications as well as premature death (Fogelholm, Kukkonen-Harjulanbie, &

Pasanen, 2000; Ogden et al., 2007), it is important to continue exploring means for assisting
obese individuals in becoming more active.

This issue is complicated by the daunting amount of physical activity that is
recommended in order to achieve effective weight management. While ndivketniswer
exists, Blair, LaMonte, and Nichaman (2004) reviewed evidence suggesting gddition
to decreasing caloric intake, daily physical activity for at |6@shin is essential to
effectively manage one’s weight. Unfortunately, the Behavioral RisloF&ctrveillance
Survey indicated that, of those classified as obese, only 3.0% of the women and 6.4% of the
men trying to lose weight actually met these physical activity gaeke(Bish et al., 2005).
Clearly, prescribing an overwhelming duration of physical actigitynlikely to be a

successful intervention strategy among obese individuals. Additionally, miokaduals



have been found to have a lower tolerance for physical activity intensity (Ekkekakisl &
2006), which becomes problematic when trying to determine how to develop timergffici
yet effective, bouts of physical activity for this population.

One of the most oft-cited reasons for not being active is a lack of time (Kahg e
2000), thus making it even more unrealistic for a given individual to obtain at least 60 min of
activity on a daily basis. Gibala (2007) proposed the idea of using short-duratlon, hig
intensity interval training (HIT) as a means to potentially addresssgug.i While there is no
universally accepted definition of HIT, Gibala and McGee (2008, p. 58) suggestet kT
generally refers to repeated sessions of relatively brief intemhi¢xercise, often performed
with an ‘all out’ effort or at an intensity close to that which elicits;Me¥ (i.e., > 90%

VOazpeay). They went on to state that the high-intensity bouts of HIT can last argiifhen

a few seconds to several minutes” (Gibala & McGee, 2008, p. 58). Gibala (2007) suggested
that HIT may provide benefits similar to those obtained through longer-duration, low-
intensity physical activity bouts but without the additional time commitnieatently,
researchers have proposed that HIT may actually be more effective thanréms c
recommendations, as findings have shown greater improvementsiaNelgerud et al.,
2007), as well as increased capacity to oxidize fat during HIT (Talanian 20@F). VQmax
also referred to as maximal oxygen consumption, is the criterion measure of
cardiorespiratory fitness (ACSM, 2010). In the study by Helgerud et &7)2BIT was

found to increase V& axby 5.5-7.2% over an 8-week period, while participants undergoing
either moderate-intensity training at the lactate threshold or low-ithteéraning showed no
improvements in cardiorespiratory fitness. Such findings suggest that the u3ecoifuliti

lead to more time-efficient improvements in fitness, as well as acislded oxidation.



In addition to the constraint of time, obesity acts as yet another barrientp bei
physically active. The idea that physical activity may be too exmaufgr obese individuals
has been examined recently with findings showing obese individuals to have les® positi
affective responses to acute bouts of physical activity when compared to both-wergidl
and overweight individuals (Ekkekakis, Lind, & Vazou, in press). Affective responses to
physical activity have recently been shown to predict future physicaitagarticipation
(Williams et al., 2008). Thus, it is necessary to continue exploring the affeetipenses to
physical activity experienced by obese individuals. Such findings could help tomoeter
how to improve their physical activity experience in an effort to increaseipation as well
as adherence.

However, while the obesity rates continue to increase, it appears that thwaffe
responses of obese individuals to physical activity have received mingealch attention.
Despite this lack of research, obtaining more information on this topic could sid thi
population in becoming and remaining more active. Therefore, the purpose of the current
study was to contrast how obese women respond affectively to both a HAnsEsdia
longer, isocaloric, moderate-intensity session. This study evaluated tloprgeness and
practicality of implementing HIT exercise sessions for obese individialas hypothesized
that women participants would exhibit similar affective responses in theowditions. This
would suggest HIT might indeed provide an effective and time-efficient workowsippos

encouraging improved adherence to physical activity.



CHAPTER 2. LITERATURE REVIEW

Current obesity rates in developed countries appear to be continually risimghevit
most recent statistics showing that 34.3% of adults in the United States ade@ahebese
(Ogden et al., 2007). Although numerous factors contribute to obesity, interventions tend to
target behavioral aspects, as these are typically more amenabda¢e ¢rogelholm et al.,
2000). More specifically, involvement in physical activity is of growingiiest as it is often
a vital component of both the treatment and the prevention of obesity. Although physical
activity has been shown to result in weight loss in obese individuals in at le@sssahes
(Weyer, Linkeschowa, Heise, Giesen, & Spraul, 1998), most obese individuals are
insufficiently active (Bish et al., 2005). Interestingly, Pagato, Spring, CookKhlslgue, and
Schneider (2006) found women with higher BMI to be less likely to engage in behaviors
typically viewed as rewarding. It was found that their “disengagement Veasd¢o a
diminished subjective enjoyment of those behaviors” (Pagato et al., 2006 pp. 1427-1428).
Thus, it seems that the element of enjoyment should be taken into account in designing
interventions for obese individuals, if these interventions are to be sustaindtddang run.

As mentioned earlier, bouts of continuous moderate-intensity exercise of 60-90 min
or more are recommended for successful weight management and weightd844,(2010;
Blair et al., 2004; Donnelly et al., 2009; Erlichman, Kerbey, & James, 2002). Howeca
a daunting amount is unlikely to be achieved by obese individuals. The rationale behind suc
exercise recommendations is that most individuals find a moderate levelnsityntaore
tolerable and, therefore, this level of intensity is also more likely to leadghermadherence
to an exercise program. However, in order to achieve the high levels afalaat

expenditure necessary to achieve weight loss, exercising at a modezasgy entails



exercising for a long duration. American College of Sports Medicine gugde{ACSM,
2010) recommend balancing the duration and intensity of exercise bouts in order to
maximize the total number of calories expended. Conceivably, this dbbowgercise bouts
of shorter duration that are performed at a higher intensity. However, how irgétse
intense” and how long is “too long” remain unanswered questions.

Recently, Gibala (2007) proposed that short-duration, high-intensity intenvahgra
(HIT) may provide benefits comparable to those of longer-duration, moderatstinte
exercise with the added benefit of time efficiency. If, for example, Bdtlted in
accelerated weight loss and greater improvements in fitness, this could paviairh
implications for raising the adherence rates of people who become dismbwiagn they do
not see results early on (Jones, Harris, & Waller, 1998; Jones, Harris,,\&alleggins,
2005; Sears & Stanton, 2001), as well as the people who perceive the lack of heie as t
main barrier (King et al., 2000). Although most data on the effectiveness of k¢Tshdar
referred to fithess improvement in young adults (mainly athletes), &alabial. (2007)
examined the effect of two weeks of HIT on fat oxidation in healthy, normal-wemhew.
The HIT protocol consisted of 60-min sessions performed every other day over 2 weeks
alternating between 4-min bouts at ~90%y&kand 2-min rest periods. This regimen
resulted in increased whole-body fat oxidation during exercise in the group ohwdme
were recreationally active 2-3 days per week. The authors suggested thabWHiIEPa
“short-duration stimulus to improve whole-body fat oxidation and the capacity fotadkele
muscle to oxidize fat” (p. 1445). Chilibeck, Bell, Farrar, and Martin, (1998) reportédrsim
findings from their experiment with rats, which compared the impact of continuous

moderate-intensity training with that of high-intensity intermittergrival training on



mitochondrial fatty acid oxidation. Additionally, a recent study conducted/ayman,

Plant, Rakimov, and Maiorana (2008) noted a trend toward greater decline in android fat
mass in the participants who underwent the high-intensity interval trainingrn@tveek
study, in comparison to those who performed moderate-intensity, continuous bouts of
cycling.

Not only have researchers found HIT to cause higher fat oxidation, it has also been
demonstrated that HIT results in greater increases in fithess when ednpather training
regimens matched for total work output and frequency. Helgerud et al. (2007) conmgared t
effects of four training protocols—all equal for total work output and frequency—on
participants' VQ. The four protocols consisted of: 1) a continuous run at 70%,H& 45
min, 2) a continuous run at 85% KR for 24.25 min, 3) 47 repetitions of 15-s intervals at
90-95% HR,ax With 15-s active rest bouts at 70% kiRfor 23.5 min, and 4) 4 repetitions of
4-min bouts at 90-95% HRxwith 3-min bouts at 70% HRx for 28 min. The 15-s interval
protocol and the 4-min interval protocol resulted in\i@provements of 5.5% and 7.2%
respectively, while the other protocols showed no change inovér the 8-week span of the
study. Such findings support Gibala’s (2007) suggestion that HIT offers atiitient
approach to exercise that may provide comparable benefits to those seen stenoder
intensity, longer-duration exercise bouts.

Considering the benefits that have been linked to HIT, following such an exercise
program could provide substantial benefits in a time-efficient manneneiety of special
populations that struggle to adhere to an exercise routine. However, Gibala aead McG
(2008) point out that typically their research has used repeated boutsing @tcll-out

intensities for 30-s (Wingate tests) interspersed with 4-min perio@stoflihe authors



warned that this type of exercise clearly requires high levels of motviabm participants.
Furthermore, Gibala and McGee (2008) cautioned about applying the Wirgjate te
untrained individuals, stating that “given the extreme nature of the exetessdoubtful that
the general population could safely or practically adopt the model” (Gibala & #1@B88,

p. 62). They recommend that similar to “the recent work by Talanian et al. (20078, futur
studies should examine modified interval-based approaches to identify the optimal
combination of training intensity and volume necessary to induce adaptations in@practi
time-efficient manner” (Gibala & McGee, 2008, p. 62).

Appropriately, Puhan and colleagues (2004) compared the effect of modified HIT to
high-intensity, continuous training on various physiological factors in individugis wi
chronic obstructive pulmonary disease (COPD). Participants were randssigyed to
complete the HIT protocol or high-intensity protocol for 3 weeks (total of 12-Ir'gisge
sessions). The HIT protocol required participants to perform intervatisgehat involved
alternating between 20-s bouts at 50% of short-term maximum exerpagtgg~90-100%
of VO,may and 40-s bouts at 10% of short-term maximum exercise capacity for a total of 20
min. High-intensity, continuous exercise sessions consisted of cyclin@ famat 70% or
more of short-term maximum exercise capacity. The researchers foubditaian patients
who participated in HIT to have similar improvements in Chronic Respiratory iQuesire
(CRQ) scores to those who did high-intensity, continuous exercise over thd paviesl.
Additionally, participants who performed the HIT sessions had greatensxéslerance, as
evidenced by the fewer breaks that were taken during exercise sessionsnaligiother

studies have found various HIT exercise protocols to have similar effects on DS



when compared to moderate, continuous exercise (Arnardéttir, Boman, Larsson,
Hedenstrom, & Emtner, 2007; Varga et al., 2007; Vogiatzis, Nanas, & Roussos, 2002).

Investigators have also examined the effectiveness of applying HIT iacard
rehabilitation programs. A recent study by Wislgff and colleagues (2083yed randomly
assigning post-infarction chronic heart failure (CHF) patients to inteaiaing (AIT),
moderate, continuous training (MCT), or a control group for 12 weeks. The AIT protocol
entailed al0-min warm-up at 50-60% }dRbefore performing four intervals of “uphill”
treadmill walking (4-min bouts at 90-95% RRinterspersed with 3-min bouts at 50-70%
HRpeakfor a total exercise time of 38 min). Those in the MCT group walked continuously at
70-75% HReakfor 47 min to achieve an equivalent caloric expenditure between the two
conditions. Both groups performed their training programs 3 times per week, \egkians
being supervised and 1 performed at home. The control group attended supervised trainin
sessions once every 3 weeks. At the 12-week follow-up, the AIT group showed greater
improvements in V@.eax anaerobic threshold, work economy, quality of life and various
measures of left ventricle functioning than both the control and the MCT conditions. Other
researchers have also found interval training to have greater or comparadfits be
moderate continuous training programs in individuals with coronary artery elis&lds, or
following bypass surgery (Meyer, Lehmann, Sunder, Keul, & Weidemann, 1990; Meyer e
al., 1998; Warburton et al., 2005).

An important variable that has been linked to adherence, yet is often overlooked when
exercise recommendations are made, is how people feel during exettse/Mloen trying
to determine the appropriate intensity and duration to use during the applicatichiof HI

obese individuals, it is necessary to take into account that whether or notriteyethe



exercise to be pleasurable will likely predict the amount of physicaltg¢hat they
undertake in the future.

Although these suggestions seem promising in other populations, applying them to
obese individuals is complicated by numerous factors. First, obese individuals éave be
found to show decreased tolerance for exercise intensity. Obese participefsund to
use an average of 56% of their ¥ compared to only 36% by the normal-weight women
at paces that were self-selected (Mattsson, Larsson, & Rossner, 1997). Ekkekikind
(2006) also reported overall higher levels of exertion in overweight women compared to
those reported by normal-weight individuals. Thus, using high-intensity sgewvth obese
individuals may result in less positive affective responses and, in turnntlagdeave a
negative impact on adherence. Therefore, it would be interesting to examaitettiee
responses of obese individuals to a HIT stimulus.

Secondly, overweight and obese women appear to have a preference for lower
intensity exercise. In the study by Mattsson and colleagues (1997),votiess were found
to self-select slower walking paces than those chosen by their norngditweunterparts.
Additionally, when allowed to choose between altering the intensity or theatucdtiheir
exercise bout, overweight and obese participants were willing to walk Idngereant that
they could decrease the intensity at which they walked (Fogelholm et al., 2066¢. T
findings provide support for the position that obese individuals may be more sensitive to
exercise intensity than their normal-weight counterparts. Therefodnd a way to
structure exercise bouts to be more tolerable and time-efficientspe¢fédctive for obese

individuals poses a considerable challenge for researchers andgraditlike.
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Perhaps not surprisingly, obese individuals have been reported to be less likely to
meet longer-duration exercise recommendations (Weyer et al., 1998). Thus, issanete
explore the alternative of providing them with a more time-efficient option. \\aanger
colleagues (1998) assessed the physical activity habits of obese men and womesrev
following a dietary treatmemqian. They found that 34% of participants accumulated 30-min
bouts of exercise (Pate et al., 1995) compared with only 17% of participants acauyn20ati
to 60-min boutsAs mentioned earlier, of obese men and women who reported trying to lose
weight, only 6.4% and 3.0%, respectively, were found to meet the daily 60-90 ynin/da
physical activity recommendations (Bish et al., 2005).

An important aspect of the exercise experience, yet one that remagst alm
completely unexplored, are the affective responses of obese individuals iseekerds of
different characteristics. In regard to normal-weight individuals, Ekkekadkis, and
Petruzzello (2005) predicted that more positive affective responses would tend to occur
during moderate-intensity exercise (below ventilatory threshold, or VT) eakenore
negative affective responses would occur at higher exercise intengiéesically those
beyond the VT. Additionally, these authors predicted that exercise bouts pelfarme
intensities proximal to the VT would show variability in affective respenwith some
participants reporting increases and others decreases in pleasureeHawswot known
whether the affective responses of obese individuals during exercise wowdthoge of
their normal-weight counterparts. Given the role of affect in adherenidle(é et al.,

2008), which is becoming increasingly clear, gaining a better understandiregaifective

responses of obese individuals to exercise bouts could prove beneficial.
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Ekkekakis and Lind (2006) showed that imposing an intensity level of just 10%
higher than that self-selected by participants in an earliereésalted in significantly less
positive affective responses throughout the exercise bout for overweight indsvidbel is
likely due to the fact that overweight participants were found to use a highentagye of
both their peak heart rate as well as theinpécompared to normal-weight individuals
during the self-selected intensity condition, as well as when the intenstynpased.
Consider the implications of a personal trainer who is trying to speed thietslasg results
for an obese client. If he or she were to impose an intensity just slightly abav¢he client
might have self-selected, this could in turn cause the client to experienpo$is/e affect,
which, if repeated over several bouts, could result in decreased adherence or doapout f
the exercise plan, as suggested by the work of Williams et al., (2008).

Additionally, obese, sedentary women have been found to report less positive
affective responses to exercise in comparison to normal-weight and overpaaigtipants
(Ekkekakis et al., in press). Such findings are of critical importance as inds’idffactive
responses during exercise have been shown to predict self-reported phyisitalbaand 12
months later (Williams et al., 2008). More specifically, Williams et al., (2008)d that
sedentary adults who reported more positive affect in response to a single teaodensity
bout of exercise also reported participation in more min of physical activtyand 12-
month follow-ups. Likewise, more positive exercise-related affectisecastions (i.e.,
whether exercise had registered in memory as something pleasant)latecetcehigher
levels of reported physical activity in a study done by Kiviniemi, Vossikk, and Seifert

(2007). These results suggest that obese individuals’ lower adherence ptgsital
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activity may, at least in part, be due to the less positive affective respbegeperience
during exercise.

Ekkekakis, Hall, and Petruzzello (2004) suggested that affective responses iseexerc
may be viewed as a practical guide for prescribing exercise inte@sitrently,
recommendations for determining exercise intensity are based on persaftageimal
heart rate (HRay) or VO, reserve (ACSM, 2010). Using such methods requires that a person
either tracks his or her heart rate during exercise, which is liaddg inaccurate when done
by an inexperienced individual, or undergo a submaximal or maximal exertise tes
determine maximal exercise capacity, which is very costly and strerdotarsstingly, the
ACSM'’s (2010) most recent exercise guidelines recommend using\afgatence (i.e.,
Feeling Scale responses) as an “adjunct [measure] of exerciséytang state that
“further research is needed before [it] can be recommended as [a] pfiowd}jor the
estimation of exercise intensity” (p. 157). As mentioned earlier, individuadisttereport
stable and positive affect when performing exercise below the VT. Imgdgytiduid level of
intensity has been found to result in improvements in health (Haskell et al., 2007)it Thus
has been argued that “affective response may be useful as a proxy for VT onondask t
prescriptions that are potentially more sustainable and beneficial thatraldit
prescriptions” (Williams et al., 2008, p. 240).

Accordingly, the aim of the present study was to compare the affectivensespof
obese women during a shorter, high-intensity interval session and a longagrisoc
moderate-intensity session. It is hypothesized that women participantsvel comparable
affective responses in the two conditions, suggesting that HIT may provide a recteff

and time-efficient workout, possibly encouraging improved adherence to agtadivity
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regimen. Determining if the more time-efficient high-intensity intebeait yields more or
less positive affective responses may have implications for the appropsst&prescribing

this type of activity to obese individuals.
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CHAPTER 3. METHODS
Participants

Participants were 24 women between the ages of 18 and 54 years with &&MI o
kg/m? or higher. The sample size of 24 was determined based on power analysis calculations
using an effect size @=0.6 for a within-subject comparison between means (based on a
previous study by Ekkekakis et al., in press), a desired power level of 0.8, and an alpha of
0.05. The participants were recruited via e-mails sent throughout a large tyiveitse
Midwestern United States and fliers that were (a) posted throughout the cdgnamghi
campus, (b) distributed at local super-markets, and (c) inserted into thedaspaper.

In total, it is estimated that over 8,000 fliers were posted during recruigfierts.

Initial inquires to participate in the study were received from 488 women who had
seen fliers, received an e-mail advertisement, or heard about the study via worthof m
Criteria for exclusion included smoking, hypertension, dyslipidemia, impaastihd
glucose, taking medication that could impact cardiovascular or metabolic resfmnses
exercise, and being 55 years of age and older. The inclusion criteria wehetvaimen (a)
participated in less than 30 min of moderate physical activity per day on mosif dags
week within the past 6 months, based on their responses to the 7-day physicalractllit
interview (Appendix A; Blair et al., 1985); (b) had a physical examination in thequs 12
months that revealed no contraindications to vigorous physical activitya\e)reegative
responses to all questions on the Physical Activity Readiness QuestioRAdR-«€)

Appendix A; Thomas, Reading, & Shephard, 1992) and were, thus, apparently healthy; and
(d) were not suffering from any injuries or ailments at the time. Of thevé&3n who

initially expressed interest, 39 met the eligibility criteria, andho$é, 7 women did not
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attend or schedule their first session and 1 had a change in health status prior tarcoming
the laboratory that prevented her from participating. Of the 31 individualeénatenrolled
into the study, 7 dropped out as a result of the following: injury unrelated taithe(st=2),
claustrophobia with the mask (n=2), personal reasons (n=1), and being unable toecomplet
the HIT bout (n=1). Thus, the results that are reported here are based on 24 vimamen w
participated in all three sessions.

The demographic and anthropometric data for these 24 participants aregat@sent
Table 1. The participants ranged in age from 19 to 53 years, with a mean age of 39.25+11.23
years. The mean body fat percentage was 44.0%+4.27% and the mean BMI was 34.96+4.46
kg/m?. The average V&eakwas 19.05+3.67 ml-kg-minwhich places this group below the
1% percentile or the ‘very poor’ classification for cardiorespiratonefis according to the
most recent ACSM (2010) standards.

Table 1. Descriptive statistics (Means + SD) for demographic and physalldgita.

Mean + SD
Age (years) 39.25+11.23
Height (cm) 164.15+7.19
Body mass (kg) 94.20+12.81
Body fat (%) 44.0+4.27
Body mass index (kg/fh 34.96+4.46
VO2peak(I/min) 1.77+0.31
VOzpeak(mMl-kg-mirt) 19.05+3.67

Measures
BMI was calculated from body stature and mass measurements. Bodyasass

measured with a Bioelectrical Impedance scale (model BF-626, Tanitay, TJapan)
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according to standard instructions. Stature was measured with a standanduvakd
stadiometer.

Heart rate was assessed with a telemetric heart rate momtar Brectro Oy,
Kempele, Finland), consisting of a stretchable chest band and a radio transteitteced to
a computerized metabolic analysis system (see below). Validation stageshown
correlations between this method and heart rate measured by electraeptuydgpically
greater than .90, with differences of less than +5 beats/min across most adrttiseex
intensity range (Terbizan, Dolezal, & Albano, 2002).

Oxygen uptake (V&) was assessed with an open-circuit computerized spirometry
system (model TrueOne 2400, ParvoMedics, Salt Lake City, UT, USA). Bedoletest,
this system was calibrated for oxygen and carbon dioxide using a certifiagderokthese
two gases and for ventilation using a 3-I syringe and a software-guidembké&-salibration
procedure. A validation study of this system found that the differences comparedgdidthe
standard Douglas bag method were “so small as to be not physiologicalficargni
(Bassett et al., 2001). Caloric expenditure during exercise as well axposse was
computed by the metabolic cart using the Weir equation of caloric expendbusé6-x
VO, ml/min + 1.584 x VC@ml/min (Weir, 1949).

The affective dimension of pleasure—displeasure during exercise easebsvith
the Feeling Scale (FS; Appendix B; Hardy & Rejeski, 1988¢. FS is an 11-point, single-
item, bipolar rating scale commonly used for the assessment of affesipamses during
exercise. The scale ranges from -5 to +5. Anchors are provided at zeroa||Nand at all

odd integers, ranging from 'Very Good' (+5) to 'Very Bad' (-5). Hallcatieéagues (2002)
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have provided evidence of significant correlations between the FS and othrepseif
measures of pleasure, stating that:
In previous work in our laboratory, the FS has exhibited correlations ranging from .51 to
.88 with the valence scale of the Self Assessment Manikin (Lang, 1980) and from .41 to
.59 with the valence scale of the Affect Grid (Russell, Weiss, & Mendelsohn, 1989). (p.
54-55).
The Felt Arousal Scale (FAS; Appendix B; Svebak, & Murgatroyd, 1985) was used
to assess participants’ level of activation. The FAS is a six-point retadg ranging from 1
to 6, with anchors at 1 (‘Low Arousal’) and 6 (‘High Arousal’).
The Rating of Perceived Exertion (RPE; Appendix B; Borg, 1998) was used as a
measure of perceived effort during exercise. The RPE is a 15-pointatgieg from 6 to
20, with anchors ranging from “No exertion at all” to “Maximal exertion.” Ataanalysis
of validity data has shown that the RPE exhibits the following weighted meartyalidi
coefficients with physiological indices of intensity: 0.62 for heart rate, 0.531dod lactate,
0.64 for percentage of maximal aerobic capacity, 0.63 for oxygen consumption, 0.61 for
ventilation, and 0.72 for respiratory rate (Chen, Fan, & Moe, 2002).
The Physical Activity Enjoyment Scale was also administered tsunea
participants’ sense of post-exercise enjoyment (PACES; Appendix B; icesidzZ
DeCarlo, 1991).
Procedures
Participants underwent 3 exercise sessions on a recumbent cycle ergGmevat
Recumbent, Lode BV, Groningen, Netherlands), which included an incremental test to

volitional fatigue, a HIT session and a moderate-intensity session (grettadtperformed in
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counter-balanced order). Pilot testing was preformed to determine theangeetnsities
and durations that would result in similar caloric expenditure from the two exgeam
sessions. A brief familiarization period was included during the first portion of the
incremental-test session to make participants feel comfortable iabibeatory environment
and to give them a chance to ask questions. Additionally, all participantswkadaed an
informed consent document (Appendix C) during this familiarization period.

At the beginning of each exercise session, the participants were fitted masal and
mouth breathing face mask (model 8920/30, Hans Rudolph, Kansas City, MO, USA)
equipped with an ultralow-resistance, T-shaped, two-way, nonrebreathing vallel (m
2700, Hans Rudolph), which was then connected to the spirometry system via plastic tubing
(3.5 cm in diameter). A gel sealant (model 7701, Hans Rudolph) was applied to the face
mask, when necessary, to prevent leaks. Two min of resting data were recoreetievhil
participants were seated on the cycle ergometer, to make certain thelrnetygstem was
operating properly.

The incremental cycle ergometer test was performed during the inittatwis
determine the participants’ VT and peak oxygen consumption. Participants belyag cyc
against an initial workload of 20W for 3 min, followed by 10Wgreases during each
subsequent min of the test. This was continued until each participant reached the point of
volitional exhaustion. The highest 60-s average value of oxygen uptake was ddsignate
VOzpeakand the highest 60-s average value of heart rate was designatgd EifReria for
achieving peak exercise capacity during the incremental test idaledehing age-predicted
maximal heart rate, a plateau in oxygen consumption with increasing workloads, and a

respiratory exchange ratio (RER) greater than 1.1.
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For the HIT session, the participants alternated between 3-min segn&hfo of
their VT and 2-min segments at 85% of their VT (active recovery). This exadaepeated
four times to accumulate 20 min. The intensities were based around VT as opposed t
VOazpeakto reduce the probability of having some participants performing egerbve their
VT while others performed exercise below their VT. Setting the low ityelnslow VT
(85%) during the active recovery portions was intended to allow a positive rebotived of
affective state as well as physiological recovery followingheagh-intensity portion
(Ekkekakis et al., 2005). The high intensity was set at 115% of VT in order to eliehsed
HR and VQ responses while being tolerable (i.e., without causing large declines in the
participants’ affective state). In general, the duration of the higimsityy portion was longer
and the intensity was lower than what has been used in studies with trained and fit
participants (Gibala & McGee, 2008) in order to increase the safety pfdtexol and to
accommodate the decreased tolerance for high-intensity exercisashaten found for
obese individuals (Mattsson et al., 1997). Overall, the current study’s HIT prctoc
comparable to what other researchers have recently used with obese wameéhrin
alternations between low-intensity periods at 80% of VT and high-intensitydgest 120%
of VT; Coquart et al., 2008). The FS, FAS, and RPE were administered in a raedom
order at the end of each high-intensity and active-recovery periocdlat&times, at min
2,5,7,10, 12, 15, 17, 20).

The moderate-intensity bout (MOD) required participants to exercismgously for
25 min at 90% of their VT. This combination of intensity and duration was chosen to provide
participants with a comparable amount of total work to that used in their Hidrsess

(Coquartet al.,2008). Furthermore, setting the intensity just below the VT was intended to
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allow participants to maintain a relative physiological steady-&tatbe duration of the
bout. The FS, FAS, and RPE were administered in a randomized order every 2.5 min during
this session (a total of 10 times, at min 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5, 20.0, 22.5, 25.0).

In order to compare the participants’ responses at equivalent time poipise(tes
different durations of the HIT and MOD bouts) segmented quadratic regregsons
calculated using the measured responses at the 10 time points of the MOD bout. This
involved dividing the 10 data points in half, fitting ¥ 8egree polynomial regression to each
segment, and estimating values at 4 time points in order to have comparisorfs|kivtiney
percentages of the total duration for each session: 10%, 25%, 35%, 50%, 60%, 75%, 85%,
and 100%.

Additionally, the FS and FAS were administered at baseline, immeduatef to the
exercise bout, immediately after the exercise bout, post cool-down, and 10, 20, and 30 min
after exercise for both the HIT and the MOD conditions. The PACES wasdasnisiered
post cool-down in both conditions.

Determination of the Ventilatory Threshold

The ventilatory threshold was identified offline using a computerizedoveddithe
three-method combined procedure suggested by Gaskill et al., (2001). Thethieseof
methods involves the examination of the so-called V-slope, which requires idenéfyin
breakpoint in the slope of the graphical representation efpZ@iuction over @utilization.

The second method was the method of the ventilatory equivalents. This entails gletting t
ventilatory equivalents for Ve/VO,) and CQ (Ve/VCO,) over time or over @utilization,
and identifying the exercise intensity corresponding to the first risg/MQ4 that occurs

without a concurrent rise ingiVCO.,. Lastly, the excess Gnethod was employed, which
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involved plotting excess G{production over time or £Lutilization and identifying the
exercise intensity corresponding to an increase in excesfr@®steady state. All data
were converted to 20-s averages before analysis. The ventilatory thresisali@étermined to
occur at the point where at least two of the three methods converged or the poasutied r
in the lowest mean square residual. These criteria were followed byrliestigators who
analyzed the data independently. The final determination of each partichganesjuired
agreement between at least 2 of the 3 investigators.
Analyses

A 2 (Trial) x 9 (Time) repeated-measures analysis of varianc©MN was used
for the FS data collected during exercise. Additionally, a 2 (Trial) xié§TANOVA was
used to analyze the FS responses pre-to-post-exercise. RBBMMR were each
analyzed with a 2 (Trial) x 8 (Time) ANOVA of the total exercise daratSince the
sphericity assumption is typically violated in analyses involving maltippeated measures,
the Greenhouse-Geisser was used to adjust the degrees of freedom. Wheartignifi
interactions were found, a repeated measures ANOVA within each condition was run,
followed by Bonferroni-corrected pairwise comparisons, to determine whesegtiigcant

differences lied.
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CHAPTER 4. RESULTS

Manipulation checks

Heart rate. A 2 (Trial) by 9 (Time) repeated-measures ANOVA on heart rate showed
a significant main effect for timé&(2.09, 47.9) = 309.53< 0.001,n?= .93, as well as trial,
F(1, 23) = 36.12P< 0.001,n?= .61. A significant interaction between time and trial was
also found, as illustrated in FigureF(2.52, 50.04) = 51.48< 0.001,1°= .69, which
demonstrates that HR was significantly higher in the HIT condition than in the MOD
condition. The ANOVAiIncluded measurements at rest, and 10%, 25%, 35%, 50%, 60%,
75%, 85%, and 100% of the total exercise duration. Mean HR was 124.85 bpm during the
active recovery portion of the HIT session and 148.17 bpm during the high-intensity portion.
During the MOD session, HR averaged 125.67 bpm over 25 min.

VO.. On average, participants’ VT occurred at 61.57% of theig,¥4d For the 2
(Trial) by 8 (Time) repeated-measures ANOVA on\dDring exercise, a main effect of
time was foundf(3.5, 80.52) = 47.367< 0.001,1?=.67, as well as a trial main effect,
F(3.93, 23) = 44.63< 0.001,n°= .66. A significant interaction was also found, as
illustrated in Figure 25(3.04, 69.8) = 38.31< 0.001,1°= .63, which showed V&£Xo be
significantly higher in the HIT condition than in the MOD condition. The ANOVAuded
measurements of V@t 10%, 25%, 35%, 50%, 60%, 75%, 85%, and 100% of the exercise
duration. Figure 2 illustrates the oscillation of M@uring the HIT trial as well as the
relatively stable V@during the MOD session. On average, participants oscillated between
65% and 90% of their V&« in the HIT bout during the active recovery and high-intensity
segments, respectively. For the MOD session, participants achieved 66% wlhgion

average. The mean percentage of VT that participants were at during teedsidn
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oscillated between 147 and 105%. During the MOD session, participants worked at an
average of 108% of VT.

Caloric expenditure. A paired t-test revealed no difference between caloric
expenditure in the HITM=197.17 kcals) and MODM=202.58 kcals) sessions, with mean
expenditure from the two sessions at 199.07 calories and a mean difference of 5.42 + 20.03
caloriest=-1.33,P = 0.198,d= -0.22.

Self-reported responses

RPE. A 2 (Trial) by 8 (Time) repeated-measures ANOVA on RPE showed a time
main effectf(3.32, 76.37) = 71.34< 0.001,n2= .76, and a trial main effedt(1, 23) =
6.24,P< 0.001,n°= .21 (Table 5). A significant interaction between time and id@.4,

78.05) = 34.25P< 0.001n?= .60 also occurred. The ANOVA included administration of
RPEat 10%, 25%, 35%, 50%, 60%, 75%, 85%, and 100% of the exercise duration, and
showed RPE to be significantly higher in the HIT session than the MOD sessiaestilie

of the post-hoc tests between the two conditions showed RPE to be significantgntidite
10%, 25%, 50%, 75%, and 100% of exercise duration (Table 2). Post-hoc analysis results
within each condition are shown in Table 3. Figure 3 illustrates the overalkbdi¢tes in

RPE in the HIT and MOD trials.

FS.A paired t-test revealed no significant difference between FS scdogs bad
after participants were fitted with the mask in the H¥11.45,P = .16, and the MOD
sessionst= 1.16,P = .26. Additionally, baseline FS did not vary from the HIT session to the
MOD session prior to fitting participants with the massk.(3,P = .90) or after participants
were fitted with the mask%£ .16,P = .87). A 2 (Trial) by 9 (Time) repeated-measures

ANOVA on FS during exercise showed a time main effie,66, 61.11) = 34.928< 0.001,
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n®= .60, as well as a trial main effeB(1, 23) = 14.42P< 0.05,1°= .39. A significant
interaction between time and tri&l(3.29, 75.68) = 8.48 <O.001,r|2: .27, was also
demonstrated. The ANOVA included administration of the FS at the following timespoint
immediately prior to the exercise bout, and 10%, 25%, 35%, 50%, 60%, 75%, 85%, and
100% of the total exercise duration. Overall, FS was found to be significantly loter |
HIT session than the MOD session (Figure 4). Results of the post-hoc tesisrbetw
conditions showed FS to be significantly different at 25%, 50%, 75%, and 100% of exercise
duration (Table 4). Post-hoc analyses within each condition are shown in Table 5.

A 2 (Trial) by 7 (Time) ANOVA of FS prior to exercise and post-exersisaved a
time main effecf(2.47, 56.78) = 22.8(< 0.001,n?= .50 but no trial main effeck(2, 23)
= .45,P = .51,n”= .02. A significant interaction was found between time and E{8L07,
70.58) = 4.35P< 0.051?= .16. This included administration of the FS immediately prior to
the exercise bout, immediately after the exercise bout, post cool-down, and 10, 20, and 30
min after exercise. The results of the post-hoc tests within conditiosh@na in Table 6.

FAS. A 2 (Trial) by 9 (Time) repeated-measures ANOVA on FAS showed a time
main effectF(1.59, 36.51) = 3.56< 0.05,n?= .13 and a trial main effedg(1, 23) = 4.61,
P< 0.05,7°= .17. No significant interaction was found, although a trend toward significance
was demonstrate(3.07,70.68) = 2.6(P= 0.06,1°=.10. A 2 (Trial) by 7 (Time) repeated-
measures ANOVA on FAS prior to exercise and post-exercise showed &aigriiime
main effectF(2.50, 57.58) = 9.8< 0.001,1°= .30, but did not show a significant trial
main effectF(1, 23) = .32P = .32,1?= .04, or interactionF(3.15, 72.53) = 1.6 = .19,

=.07.
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PACES. A pairedt-test of the PACES scores showed a significant difference
between the levels of enjoyment of the HIT and MOD sessien2,14,P< 0.05,d= -.38,
with higher scores in the MOD trial (mean difference = 8.54 £ 19.54). The meamemby
score for the MOD session was 90.79 and the mean enjoyment for the HIT session was

82.25.
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Figure 1. Mean HR responses over time during the HIT and MOD sessiom@spdints represent a
percentage of the total duration of the exercise sessions as wellpstiexercise measurements.



26

1.8

cTA A/

=
i,/ \/
= 12 _¥_ — _v_.—¥‘—.—
§ {, »- —&— HIT
17 — & MOD
0.8
06 T T T T T T T 1

10% 25% 35% 50% 60% 75% 85% 100%

Percentage of duration
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Figure 4. Mean FS response plotted over time during the HIT and MOD se3#ianpoints
represent a percentage of the total duration of the exercise sessions

Table 2. Means * SD and effect sizkwith Bonferroni-corrected pairwise comparisons for Rating of
Perceived Exertion scale (RPE) scores during exercise in each wbth&gerimental conditions.
Time points represent a percentage of the total duration of the exexsss

Time point  HIT MOD Effect size
10 % 9.25+1.87 10.46+1.72 -0.66*
25% 13.46+1.77 11.1+1.50 1.41**
35% 10.67+2.04  11.36+1.56 -0.38
50% 14.2942.05 11.58+1.84 1.37**
60% 11.08+2.32  11.67+2.24 -0.25
75% 14.33+1.86 12.1+1.89 1.17*
85% 11.63+2.18 12.27+1.91 -0.31
100% 15.21+1.79 12.50+2.0 1.40**

Note: *P < 0.006 and **P < 0.001

Table 3. Effects sizedand results of Bonferroni-corrected pairwise comparisons for RPEsscore
during exercise in the two experimental conditions. The results fdd1®1@ session appear below
and the results for the HIT session appear above the main diagonal. Titse¢gumiesent a
percentage of the total duration of the exercise sessions.

Time point  10% 25% 35% 50% 60% 75% 85% 100%
10% - -2.27* -0.71* -2.52* -0.86* -2.68* -1.15* -35*
25% -0.39* - 1.44* -0.43 1.13* -0.48 0.91* -0.97*
35% -0.54* -0.17* - -1.74* -0.19 -1.85* -0.45* -8
50% -0.62* -0.28 -0.13 - 1.44* -0.02 1.24* -0.47*
60% -0.60* -0.29 -0.16 -0.04 - -1.52* -0.24 -1.96*
75% -0.89* -0.58* -0.42 -0.27 -0.21 - 1.31* -0.47*
85% -0.98* -0.67* -0.51* -0.36 -0.28 -0.09 - -1.76*
100% -1.08* -0.78* -0.63* -0.47* -0.39 -0.20 -0.12 -

Note: *P < 0.0018
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Table 4. Means + SD and effect sizbwith Bonferroni-corrected pairwise comparisons for Feeling
Scale (FS) ratings during exercise in each of the two experimemnigitions. Time points represent a
percentage of the total duration of the exercise sessions.

Time point  HIT MOD Effect size
Postmask 3.25+1.39 3.21+1.53 0.03
10 % 3.04+1.37 2.88+1.57 0.11
25% 1.21+1.72 2.45+1.39 -0.78*
35% 1.88+1.54 2.25+1.40 -0.25
50% 0.58+1.93 217131 -0.95*
60% 150+1.35 1.92+150 -0.29
75% 054189 1.78+1.25 -0.76*
85% 1.29+165 155+1.21 -0.18
100% -0.04 #1.94 1.13+1.33 -0.69*

Note: *P < 0.0055

Table 5. Effects sizedand results of Bonferroni-corrected pairwise comparisons for F§gati
during exercise in the two experimental conditions. The results fdd1®1@ session appear below
and the results for the HIT session appear above the main diagonal. Titsa¢gmiesent a
percentage of the total duration of the exercise sessions.

Postmask 10% 25% 35% 50% 60% 75% 85% 100%

Postmask - 0.15 1.28*  0.92* 1.56*  1.26* 1.61* 1.26* 1.92*

10 % 0.21 - 1.16*  0.79* 1.45*  1.12* 1.49* 1.13* 18
25% 0.51 0.28 - -0.40 0.34* -0.19 0.36 -0.05 0.67*
35% 0.64 0.41 0.14 - 0.73* 0.25 0.76* 0.36 1.07*
50% 0.72 0.48 0.20 0.06 - -0.54* 0.02 -0.39 0.32
60% 0.84* 0.61 0.36 0.23 0.17 - 0.57* 0.14 0.91*
75% 1.01* 0.76* 0.50* 0.36 0.30 0.10 - -0.42 0.30
85% 1.18* 0.93* 0.68* 0.53* 0.48 0.27 0.18* 0.73*

100% 1.43* 1.18* 0.95* 0.81* 0.78* 0.56* 0.50* 0383 -

Note: *P < 0.0014

Table 6. Effects sizasand results of Bonferroni-corrected pairwise comparisons for FSsaiiag
and post-exercise in the two experimental conditions. The results for tBese§3ion appear below
and the results for the HIT session appear above the main diagonal.

Time point Premask Postmask Postex Postcool 10 min post i2Past 30 min post

Premask - 0.12 1.50% 0.75* 0.24 0.07 -0.03

Postmask 0.11 - 1.40* 0.63 0.10 -0.07 -0.17
Post ex 0.83* 0.75* - -0.83* -1.43* -1.53* -1.62*

Post cool 0.61 0.51 -0.31 - -0.61 -0.75* -0.85*
10 min post 0.17 0.06 -0.74* -0.49 - -0.19 -0.31

20 min post  0.22 0.11 -0.67 -0.41 0.06 - -0.11
30 min post  0.08 -0.03 -0.80* -0.56* -0.09 -0.14 -

Note: *P < 0.002
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CHAPTER 5. DISCUSSION

The overall purpose of this study was to compare the affective responses daryedent
obese women during a HIT bout of exercise to those during a MOD bout of exerciskrin or
to determine the appropriateness of implementing HIT exercise sessiate$e
individuals. Taking into account the high rates of inactivity in obese women and the potentia
benefits of HIT in terms of time-efficiency, it is essential to deteentine practicality of
using this type of exercise regimen to improve exercise adherence pophilstion.

Considering that HIT is promoted as a more time-efficient approach in ccmmoi
continuous, moderate-intensity exercise, it is important to recognize thdlTtheotocol
used in the current study only afforded a time-savings of 5 min. This protocol wgsedkesi
in an attempt to provide an appropriate combination of interval intensities and dutaions t
would be tolerable for obese individuals. However, implementing HIT for obese indsvidua
is challenging since it is necessary to stick to the principles of HLTh{gb-intensity
stimulus) while providing an exercise bout that will not be overly exhaustingtidwaiaiy,
due to the low cardiorespiratory fitness levels found in obese individuals, thesmadla
range of intensities that are feasible for this population.

Analyses of the HR and \Wlata showed values to be significantly lower in the
MOD condition in comparison to those in the HIT condition. This illustrates that the
workloads used in the current study were effective at eliciting the appeophgsiological
responses during the two experimental conditions. Furthermore, the cal@radxpe of
the two sessions was not significantly different from one another which deateaghat the

protocols were effective in eliciting similar energy expenditure.
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The main finding of this study was that FS scores were significantbrelift in the
two exercise sessions, with the overall FS scores in the HIT bout beingcsigphyfless
positive than those in the MOD bout (Figure 4). These findings do not support the hypothesis
for the current study, according to which FS responses during the two exessiems were
predicted to be not different from one another. More specifically, FS scores were
significantly more positive during the MOD session compared to the equivalent tintg poi
of the HIT bout that corresponded to the high-intensity portions (i.e. 25%, 50%, 75%, and
100% of exercise duration; Table 4). Thus, participants perceived the hightingsmgnents
of the HIT bout to be significantly less pleasant than the corresponding time poimgs of t
MOD condition.

On the other hand, there were no significant differences between FS scoresvim the t
conditions at the four low-intensity segments of the HIT bout (i.e. 10%, 35%, 60%, and 85%
of exercise duration; Table 4). These findings suggest that, although thereS lsecame
more positive during the low-intensity segments of the HIT bout (to the point of not being
significantly different from the corresponding MOD FS scores), thesedses were not
substantial enough to compensate for the decreases during the high-intgmségtsethus
resulting in significantly lower overall pleasure scores in the HIT camditi

Considering the role of affective responses on exercise adherencarfwidt al.,

2008), it is important to bear in mind the implications that the findings of the current stud
may have for public health. Although HIT exercise has been found to cause greater
improvements in cardiorespiratory fitness (Helgerud et al., 2007), as well ezsedrfat
oxidation (Talanian et al., 2007), the protocol used in the current study induced less

pleasurable responses, which suggests that it may be too challenging to mplg&me
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inactive, obese individuals. Appropriately, Gibala and McGee (2008) pointed out the need to
modify HIT protocols depending on the target population. It is conceivable that, in the
current study, other combinations of intensities and durations of the low- and higgitinte
segments might have elicited comparable affective responses to those fdhweWD

bout. However, decreasing the intensity or increasing the duration of the activerse
portion would reduce the caloric expenditure and lengthen the total duration of tba sess
(thus neutralizing the main argument for implementing HIT protocols in the publtb hea
arena). The total caloric expenditure and time-efficiency of a HIT bounvaréactors that
are of vital importance when implementing exercise regimens in obese pomsjlamnd thus
cannot be overlooked. This presents a challenge for practitioners wantingemenpl
effective exercise programs and needs to be explored through future research.

When considering possible approaches for modifying the protocol of the current
study, it is important for one to bear in mind that imposing even the slightest intansity
an individuals’ preferred level will result in less pleasurable responsesk&lkk & Lind,
2006). On the other hand, if participants prefer an intensity that is well belatnvaly not
be sufficient to provide fitness improvements and successful weight managemd¢inte-
efficient manner. Interestingly, when previously sedentary, middle-age@nvavere
allowed to exercise at their preferred intensity, they tended to setft seflensities around
the VT (Lind, Joens-Matre, & Ekkekakis, 2005). Since exercising around the VT has been
demonstrated to produce sufficient health benefits (Williams et al., 2008), eihd eli
pleasurable responses (Ekkekakis et al., 2004), allowing individuals to setfesele
challenging intensity as well as an intensity that is comfortablénémn, may be one

approach to implementing high-intensity interval training for obese individuals.
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Examination of FS changes during the HIT bout showed that scores tended to
decrease during the high-intensity portions and gradually increase duriogtireensity
portions (Figure 4). Analysis of FS scores during the MOD session demonstgagetiial
decline in FS throughout the exercise bout (Figure 4), which would be expected due to
upward drift of heart rate, Vand other physiological parameters over time. This finding is
consistent with a recent study examining FS responses in low-active woumgn who did
not know the duration of their exercise session (Welch, Hulley, & Beauchamps#).pre
Participants in the present study were informed that the exercise duratihenteb
experimental conditions would range from 20 to 25 min, but were not provided with an exact
duration in order to prevent them from knowing that the HIT bout was 5 min shorter.

Pre- to post-exercise analyses of FS during the two experimentakexanditions
showed a significant time main effect and a significant interaction butahorain effect
(Table 6). The time main effect was only present in the HIT trial, witlnadl points being
significantly different from the immediate post-exercise scoreseMpecifically, pre-mask,
post-mask, post cool-down, 10 min post cool-down, 20 min post cool-down, and 30 min post
cool-down FS scores were all significantly more positive than the immeudisteexercise
scores. This illustrates that participants felt the least pleasurediatedy after exercise
when compared to other non-exercise FS ratings. Furthermore, since naini&ffect was
found, this means participants had similar FS responses immediatelyxafteise and
during all other post-exercise FS assessments in both conditions. Such findiryghanpl
although participants gave less positive ratings during the HIT bout, theiexmsise

responses were comparable to those they had following the MOD bout.
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Additionally, the participants’ perceived exertion (RPE) during the twosesw/as
significantly different (Table 2), with higher RPE responses reportedgdtimenHIT
condition. More specifically, RPE was significantly higher in the HIT bout thaha MOD
bout during each of the high-intensity time point comparisons (i.e. 25%, 50%, 75%, and
100% of exercise duration). However, RPE scores from the initial actieeamgcportion of
the HIT condition were significantly lower than those measured in the MOD mndit
Interestingly, the RPE scores of the MOD session that corresponded 8, 8/ and &'
active recovery portions of the HIT session (i.e. 35%, 60%, and 85% of exerciserjurat
were not significantly different from one another. These findings ill@streit the initial
active recovery portion of the HIT session was perceived as requiring lessrexdnen
compared to the first few minutes of the MOD session. Nonetheless, afteippats had
performed even one high-intensity portion of the HIT session, they perceivadteggent
active recovery portions of the HIT session to invoke a comparable level obaxastihe
corresponding time points in the MOD session.

The overall RPE findings comparing the two conditions mirror the differences that
were found in participants’ affective responses. Both types of responses shasledfa
significant differences for the comparisons corresponding to the low-itytéinge-points but
significant differences for the comparisons corresponding to the higtsitytéme-points of
the HIT. This suggests that, initially, it may be necessary to use an evamndensity
during the recovery portion of HIT bouts than was used in the current study with inactive,
obese individuals. Doing so may lead to further reductions in participantsoexastiwell as
more positive FS scores during the active recovery portions of this typerofsex In turn,

individuals may feel that the higher intensity portions are less challeagohgotentially
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less unpleasant. However, as mentioned earlier, decreasing the intensityctieéhe a
recovery portions of the HIT complicates the issue of time-efficiencgiwikione of the
purported reasons for implementing HIT bouts.

Brock and colleagues (in press) found participants’ RPE from an acute bout of
exercise to be significantly related to both weight regain and exertiagibeone year after
a weight-loss intervention. More specifically, participants with higher RIBRonses were
found to report more weight regain and less physical activity at the one-yewarfi.

Brock et al. (in press) stated that:
although affective responses were not measured in this study, Widtaatis work
suggests that affective responses to acute exercise add to the predictoiy odpong-
term participation in physical activity, mostly independent of RPE and shouldoiteebe
considered two distinct components that deserve further exploration (p. 4).
As participants in the current study reported higher RPE levels during theekdion, it is
important to consider the long-term implications of both FS and RPE responses ogeexerci
adherence.

Although no other studies have compared the affective responses of obese individuals
during a continuous, moderate-intensity bout with a high-intensity interval bout, €etuar
al., (2008) compared perceived exertion responses between two conditions similar to those
used in the current study. Their participants were obese individuals with and wyelit t
diabetes. These researchers reported lower perceived exertion during@ denkition than
during the MOD condition. However, the intensity for the continuous, moderate-intensity
session in that research was 100% of VT which may prevent inactive individuals from

maintaining a physiological steady-state over a prolonged period of tuidgiokally, a 2
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(Condition) x 2 (Diabetic or Non-diabetic) ANOVA was run to compare mean diffesein
RPE. This analytic approach cannot reveal whether the RPE in the HIT sesslowerass

a result of responses during the active recovery portions or during the high-ynpensdns.
This analytic approach cannot reveal whether the RPE in the HIT session wassoav
result of responses during the active recovery portions or during the high-ynfsions.
These limitations in the research of Coquart and colleagues (2008) prevegt a dire
comparison with the current study and further underscore the need for continuechrgsear
this area.

When examining the results of the current study, it is important to consider its
potential limitations. First, the sample size for this study was relasweall, which limits
the generalizability of the findings. Moreover, the sample was limited to madgid-women
who were inactive and obese but otherwise healthy. Thus, it would be inappropriate to
extrapolate the findings to other populations (e.g. men, individuals with health cosgiti
However, it is necessary to consider the large number of individuals that irshallyed
interest in the study and the small number that completed all three sessioeH,as the
fact that the sample size was sufficient in regards to finding sigmifregults with adequate
statistical power. Another limitation was the distribution of participantisarttiree obesity
classes. There were 11 individuals in Class I, 11 in Class I, and only 2 inliClakss
distribution may suggest that the current results can be more appropriatedg &ppl
individuals within the first two classes of obesity.

The Feeling Scale responses and overall enjoyment ratings of the Kidnhsesre
lower than those for the MOD session, which may be partially attributée tootvel

experience of performing an interval exercise bout. Since most exerosemeadations are
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centered around the idea of moderate-intensity, continuous bouts of exerc&d,(ACLO),
this is likely the type of exercise that may seem more familiar tacgetits in the current
study. However, it should be borne in mind that all the women were prescreened to be
inactive, so they did not have actual recent experiences with either formatatex
Additionally, due to the fact that this study involved acute exercise bouts, one can only
speculate as to whether or not the participants’ affective responses td terdrtise may
change as they become more accustomed to it over time. Thus, it would be desirable f
future research to examine the possibility that obese individuals may devekgsat
tolerance for HIT over time and eventually respond more pleasurably.

Furthermore, previous research has found that sedentary individuals with lower
tolerance for exercise intensity chose to terminate an exerdisatker than those with a
higher tolerance for exercise intensity regardless of their age, BMO,max (Ekkekakis,
Lind, Hall, & Petruzzello, 2007). Hence, it is important to consider the relationshvedret
psychological parameters (i.e. affect and perceived exertion) anahntcdefor exercise
intensity. In the current study, participants’ affective responses aBddiRgs to the
exercise may have been substantially impacted by their toleranerefrcise intensity. Thus,
future research should examine the interindividual differences in exert@ssity tolerance
and the influence this may have on psychological factors during HIT.

Despite the fact that many challenges exist when implementing aistudying
high-intensity exercise in an inactive and obese population, only one particgmnhable
to complete the HIT exercise session in the current study. This illissthaiethe intensity
and duration of the high and low periods used for the HIT sessions of the current study may

be appropriate for use in the general population. However, it is important to consider that the
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study was performed in a laboratory environment with two researchers prdsehtyvay
have led some participants to feel that they needed to keep going until theeewasi
completed. Furthermore, due to the lower level of pleasure reported in theaHIiT is
likely that individuals performing a similar workout on their own would be more apt to
terminate the bout early due to the feeling of reduced pleasure.

Even though the age range of participants was fairly broad (19-54 yearshouie
not assume that these findings would be applicable across the entipeeigers. In order to
increase the generalizability of the present findings, it is necesseopduct similar studies
assessing these responses in a broader range of age groups. Additionally, simsetie pr
study involved an all-female sample, it is recommended that future resgansime the
affective responses of men to moderate, continuous and high-intensity intercedeegad

compare them with those found here.
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APPENDIX A: DEMOGRAPHIC INFORMATION SHEET

Demographic Information

Name Gender. Male[ | Female[ ]
Age: Height: Weight:
Birthday : / / Phone (515) -

E-mail address

Par- Q & You

Yes  No

1. Has your doctor ever said that you have a heart conditiothaingou
should only do physical activity recommended by a doctor?

2. Do you feel pain in your chest when you do physical activity?

3. In the past month, have you had chest pain when you were not doing
physical activity?

. Do you lose your balance because of dizziness or do you ever lose
consciousness?

5. Do you have a bone or joint problem that could be made worse by a
change in your physical activity?

6. Is your doctor currently prescribing drugs (for example, wate) fals
you blood pressure or heart condition?

O O O O Uog O
O O O O OO O
N

7. Do you know of any other reasehy you should not do physical

activity?
Brief Past Medical History
[] [] 8. Have you ever been diagnosed with a medical condition that currently is
under control (e.g., high blood pressure)? If yes,
describe
[] [] 9. Were you prescribed any medication for this past medical diagnosis? |If

yes, describe




a7

Risk Factors

1. Smoking Yes No
Do you smoke (1 [
Cigarettes [] [ ] How many per day? _ How many years? _
Cigar [ ] [] How many perday? _How many years?
Pipe [] [ ] How many times per day? How many years?

HAVE YOU HAD A RECENT MEDICAL CHECK-UP?

It was explained to me that participation in bouts of vigorousceseemight be harmful to
people with certain medical conditions. | hereby confirm thdtave had a physical
examination within the last 12 months, which showed that | am ingbdnéalth. | also
confirm that, to the best of my knowledge, | have no history rof eardiovascular,
respiratory, musculoskeletal, or mental conditions. Finally, attithis, | am not suffering
from any injuries or other ailments and | am under no medication.

Signature) (Date)

Stages of Change Questionnaire

True False
1. | currently do not exercise (] [
2. lintend to exercise in the next 6 months 1 O
3. I currently exercise regularly* HEE
4. | have exercised regularly* for the past 6 months 1 [
5. | have exercised regularly* in the past for at least 3 months,

[]
[]

but I am not doing so current

7-Day Physical Activity Recall Interview Questionnare

Now we would like to know about your physical activity during the pastys.dand
also let me ask you about your sleep habits.

1. On the average, how many hours did you sleep each night during thg last
weekday nights (Sunday through Thursday)? (Record to the nearest quarter-hour)

[ ] [ Hours
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2. On the average, how many hours did you sleep each laghtFriday and
Saturday nights?

[l ] [ Hours

3. Now about your physical activities, let’s first considenderate activities. What
activities did you do and how many total hours did you spend during thB last
weekdays doing these moderate activities or others like theEa8ePtell me to the
nearest half-hour.

[ ] [] Hours

4. Last Saturday and Sunday how many hours did you spend oroderate
activities and what did you do? (Probe: Can you think of any other, $plortor
household activities that would fit into this category?)

] [l Hours

5.  Now let’s look ahard activities. What activities did you do and how many
total hours did you spend during the |&steekdays doing these hard activities or
others like them? Please tell me to the nearest half-hour.

] [l Hours

6. Last Saturday and Sunday how many hours did you spend tward
activities and what did you do? (Probe: Can you think of any other, $plortor
household activities that would fit into this category?)

] [] Hours

7. Now let's look atvery hard activities. What activities did you do and how
many total hours did you spend during the lastveekdays doing these hard
activities or others like them? Please tell me to the nearest half-hour
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] [] Hours

8. Last Saturday and Sunday how many hours did you spend wery hard
activities and what did you do? (Probe: Can you think of any other, $ploytor
household activities that would fit into this category?)

] [l Hours
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Scheduling
Your first trial is scheduled for: / /
Trial 2: / /
Trial 3: / /

Reminders for participants:

1. Do NOT smoke, drink caffeinated beverages, exercise or eat a heavy meal for
2 hours before testing time.

2. Come incomfortable clothes/shoes to exercise in.

3. Bring readingglassesf you need them for the surveys.
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APPENDIX B: INSTRUMENTS

Borg's Scale of Perceived Exertion

HOW HARD DO YOU FEEL THE WORK IS?
6

7 very, very light
8

9 very light

10

11 fairly light

12

13 somewhat hard
14

15 hard

16

17 very hard

18

19 very, very hard

20
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Feeling Scale

HOW DO YOU FEEL RIGHT NOW?

+5

+4

+3

+2

+1

very good

good

fairly good

neutral

fairly bad

bad

very bad
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Felt Arousal Scale

PLEASE RATE YOUR LEVEL OF AROUSAL.

6 High Arousal

1 Low Arousal
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PACES

INSTRUCTIONS: Please rate how you feel at the moment about the physical activity you
have been doing.

1. lenjoyit O@R®@O®®@ |l hateit
2. | feel bored ©@®@®®® |l feel interested
3. | dislikeit Q@O®@O®D |llikeit
4, | find it pleasurable @@®@®® @ |l find it unpleasurable
5. | am very absorbed inth O@B®@®®@ |l am not at all absorbed in this
activity activity
6. l'snofunatall O@®@O®®@ |It's alot of fun
7. | find it energizing O@®@®®®@ | find it tiring
8. It makes me depressed @@ ®® @ | It makes me happy
9. It's very pleasant @@®@®®®@ It's very unpleasant
10. | feel good physically whil O@®@®®@ || feel bad physically while doing
doing it it
11. It's very invigorating O@@@®® @ |It's not at all invigorating
12. | am very frustrated by it Q@@@®®® || am not at all frustrated by it
13. It's very gratifying QO@O®@G®®@ It's not at all gratifying
14. It's very exhilarating ©Q@®@®®®@ It's not at all exhilarating
15. It's not at all stimulating O@@®@®® @ |It's very stimulating
16. It gives me a strong sense O Q@QB®@G® @ It does not give me any sense of
accomplishment accomplishment
17. It's very refreshing QQO®@®®®@ | It's not at all refreshing
18./I felt as though | would rather| @ @R®@®® @ |l felt as though there was nothing

doing something else

else | would rather be doing

Scoring--Reverse score: Items 1, 4, 5,
(i.e., 1=7, 2=6, 3=5, 4=4, 5=3, 6=2, 7=

, 9,10, 11, 13, 14, 16, 17

)-
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APPENDIX C: INFORMED CONSENT DOCUMENT
INFORMED CONSENT DOCUMENT

Investigation of Physiological and Psychological Responses to Exercise

Investigators:

Amy Welch, Ph.D.* Panteleimon Ekkekakis, Ph.D.
Associate Professor Associate Professor

251 Forker Building 235 Forker Building
Department of Kinesiology Department of Kinesiology
lowa State University lowa State University

Ames, |IA 50011-1160 Ames, |1A 50011-1160

E-mail: amywelch@iastate.edu E-mail: ekkekaki@iastate.edu

Emily Decker, B.A.**
E-mail: exercise@iastate.edu

*Principal Investigator
**Research assistant who will conduct the study and obtain informed consent

This is a research study. Please take your time in deciding if you would like to participate.
Please feel free to ask questions at any time.

INTRODUCTION

The purpose of this study is to examine physiological and psychological responses to
exercise on a cycle ergometer. You are being invited to participate in this study because we
are investigating specific physiological and psychological responses of females between the
ages of 18 and 54.

DESCRIPTION OF PROCEDURES

If you agree to participate in this study, your participation will last for the duration of 3
separate visits to the exercise psychology laboratory (164M Forker Building on the ISU
campus). During the first visit , you will be familiarized with the instruments and equipment
used in the data collection process and will perform a graded (incremental) exercise bout on
a recumbent cycle ergometer. This exercise session determines the ability of your body to
take oxygen from the air, deliver it to your working muscles and utilize the oxygen in the
muscle. The pedal resistance of the cycle ergometer will be gradually increased until you
choose to discontinue the exercise bout. You will be able to terminate the session yourself
when you feel that you have reached your limit. This exercise session is expected to last
between 5 and 15 minutes in addition to warm-up and cool-down. Before the session, the
researchers will also attach a breathing mask on your face, so that they can collect and
analyze the gases that you expire and, thus, determine how much oxygen you are using. A
heart rate monitor will be placed around your chest to monitor heart function during the
exercise session. There will be a 3-minute warm-up before the exercise bout and a 5-minute
cool-down following the exercise bout. Upon completion of the exercise session, you will
rest comfortably for 30 minutes. During the exercise bouts, the researchers will ask you to
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indicate how you feel on some simple ratings scales. All the visits are expected to last
approximately 60 to 90 minutes. During the second and third visits, you will perform an
exercise bout lasting 20-30 minutes. There are two possible types of exercise bouts that
you may be asked to complete. One possibility would involve cycling at a continuous,
moderate-intensity while the other would involve alternating between high and low
intensities.

You will also be asked to fill out questionnaires during the time you are in the laboratory.
You may skip any question that you do not wish to answer or that makes you feel
uncomfortable.

RISKS

While participating in this study you may experience the following risks: Participating
in vigorous exercise may carry potential dangers, such as cardiovascular problems or
musculoskeletal injuries. Although it is not possible to predict all such occurrences, the
researchers try to minimize the risk. Other possible adverse effects include: (a) Muscle
soreness or fatigue during or following the exercise sessions. These effects should not last
more than a couple of days. You have the right to request that another exercise session not
be scheduled until these symptoms have passed, and (b) Discomfort associated with
wearing the face mask that will be used for the collection of expired gases. You will be able
to try this mask on to see whether you feel comfortable wearing it. The researchers will
assist you in adjusting the mask so that it is as comfortable as possible, but you have the
right to withdraw your consent if you feel discomfort or resistance in your breathing. Please
note that all materials that you will come in contact with (including the face mask) will be
either single-use or thoroughly washed and disinfected.

BENEFITS

If you decide to participate in this study you will have the opportunity to receive a free
fitness assessment and specific, personalized physical activity recommendations based on
your fitness assessment. It is also hoped that the information gained in this study will benefit
society by providing valuable information on the types and amounts of physical activity that
are likely to increase people’s motivation to remain active over the long haul.

COSTS AND COMPENSATION

You will not have any costs from participating in this study. You will not be
compensated for participating in this study.

PARTICIPANT RIGHTS

Your participation in this study is completely voluntary and you may refuse to
participate or leave the study at any time. If you decide to not participate in the study or
leave the study early, it will not result in any penalty or loss of benefits to which you are
otherwise entitled.

RESEARCH INJURY
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Emergency treatment of any injuries that may occur as a direct result of participation
in this research is available at the lowa State University Thomas B. Thielen Student Health
Center, and/or referred to Mary Greeley Medical Center or another physician or medical
facility at the location of the research activity. Compensation for any injuries will be paid if it
is determined under the lowa Tort Claims Act, Chapter 669 lowa Code. Claims for
compensation should be submitted on approved forms to the State Appeals Board and are
available from the lowa State University Office of Risk Management and Insurance.

CONFIDENTIALITY

Records identifying participants will be kept confidential to the extent permitted by
applicable laws and regulations and will not be made publicly available. However, federal
government regulatory agencies, auditing departments of lowa State University, and the
Institutional Review Board (a committee that reviews and approves human subject research
studies) may inspect and/or copy your records for quality assurance and data analysis.
These records may contain private information.

To ensure confidentiality to the extent permitted by law, your name and other
identifying information will be permanently erased once the collected data have been
tabulated and entered in a computer for statistical analysis. Thus, there will be no traceable
connection between your name and your data. Until the data are tabulated, your records will
be kept in a room that will be locked at all times and only the researchers will have access to
it. If the results are published, your identity will remain confidential.

QUESTIONS OR PROBLEMS

You are encouraged to ask questions at any time during this study. For further
information about the study contact Ms. Emily Decker (164M Forker Building, 515-294-5418,
exercise@iastate.edu) or Dr. Amy Welch (251 Forker Building, 515-294-8042,
amywelch@iastate.edu). If you have any questions about the rights of research subjects or
research-related injury, please contact the IRB Administrator, (515) 294-4566,
IRB@iastate.edu, or Director, (515) 294-3115, Office of Research Assurances, lowa State
University, Ames, lowa 50011.

kkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkhkkkkkkhkhkkkkkkhkhkkkkkkhkkkhkkkkkkkhkkkkkkkhkkkkkkk

PARTICIPANT SIGNATURE

Your signature indicates that you voluntarily agree to participate in this study, that the study
has been explained to you, that you have been given the time to read the document and that
your questions have been satisfactorily answered. You will receive a copy of the written
informed consent prior to your participation in the study. If this form was sent to you via e-
mail, please print a copy of all pages to keep for your files.

Participant’'s Name (printed)

(Participant’s Signature) (Date)
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INVESTIGATOR STATEMENT

| certify that the participant has been given adequate time to read and learn about the study
and all of their questions have been answered. Itis my opinion that the participant
understands the purpose, risks, benefits and the procedures that will be followed in this
study and has voluntarily agreed to participate.

(Signature of Person Obtaining (Date)
Informed Consent)
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